(19) 




Europaisches Patentamt 
European Patent Office 
Office europeen des brevets 



(11) 



EP 1 069 603 A1 



(12) 



EUROPEAN PATENT APPLICATION 

published in accordance with Art. 158(3) EPC 



(43) Date of publication: 

17.01.2001 Bulletin 2001/03 

(21) Application number 99937830.0 

(22) Date of filing: 04.03.1999 



(51) IntCI. 7 : H01L 21/3065 

(86) International application number: 
PCT/JP99/01055 

(87) International publication number 

WO 99/45584 (1 0.09.1 999 Gazette 1 999/36) 



(84) Designated Contracting States: 


• OKAYAMA, Nobuyukl 


DE FR GB IT NL 


1672-7, Shlmojominamlwarl 




Yamanashi-ken 407-0033 (JP) 


(30) Priority: 06.03.1998 J P 7343398 


• SAEGUSA, Hidehito 


11.06.1998 JP 17961698 


83-1, Nakao 




Ichinomlyacho 


(71) Applicant- 


Yamanashl-ken 405-0053 (JP) 


Tokyo Electron Limited 


• OZAWA, Jun 


Tokyo 107-8481 (JP) 


1413-5, Tomitakeshinden 


(72) Inventors: 


Ryuocho 


Yamanashl-ken 400-0113 (JP) 


• SUGIYAMA, Norlkazu 


372, Seklhara 


(74) Representative: HOFFMANN - EITLE 


Toyotomlmura 


Patent- und Rechtsanwfilte 


Yamanashl-ken 400-1512 (JP) 


Arabellastrasse 4 




81925 Munchen (DE) 



(54) PROCESSING APPARATUS 

(57) The present invention provides a process 
apparatus 100 including an airtight process vessel 102, 
an exhaust system 128 for exhausting gas from the 
process vessel 102, and a baffle plate 120 for partition- 
ing the process vessel 102 into a process chamber 122 
for processing an object and an exhaust passage 124 
communicating with the exhaust system 1 28, the baffle 

132a 

132 



plate 120 has a plurality of slits 120a through which the 
process chamber 122 and the exhaust passage 124 
communicate with each other, and each of the slits 120a 
has a tapered surface 132 on an inner surface toward 
the process chamber, the tapered surface correspond- 
ing to not less than 1/4 of a depth of the slit. 
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Description 

Technical Field 

[0001] The present invention relates to a process 
apparatus for performing a process, such as etching, on 
an object such as a semiconductor wafer. 

Background Art 

[0002] A magnetron-type plasma process appara- 
tus that is generally known comprises a gas-tight proc- 
ess vessel, an upper electrode provided in the vessel, a 
lower electrode provided in the vessel and opposing the 
upper electrode, and a magnet surrounding a plasma 
region provided between the upper and lower elec- 
trodes. 

[0003] To perform a plasma process on an object by 
the use of such a magnetron-type plasma process 
apparatus, the object is mounted on the lower electrode. 
Then, the process gas Is introduced into the process 
vessel. The process vessel is evacuated, whereby a 
low-pressure atmosphere is maintained in the vessel. 
Thereafter, high-frequency power is supplied to the 
lower electrode, thereby generating plasma in the proc- 
ess vessel. 

[0004] Generally, a plasma process apparatus of 
this type has a baffle plate, which partitions the process 
vessel into a process chamber and an exhaust pas- 
sage. An object to be processed is placed in the proc- 
ess chamber. The exhaust passage communicates with 
an evacuation mechanism. The baffle plate is provided 
between the side of the lower electrode and the inner 
surface of the process vessel and surrounds the lower 
electrode. The baffle plate has a plurality of slits that 
extend in the radial direction, connecting the process 
chamber and the exhaust passage. (The chamber and 
the passage communicate with each other through 
these slits.) Thus, the baffle plate partitions the plasma 
region while the process is undergoing, This increases 
the density of plasma in the process chamber. Further, 
the conductance between the process chamber and the 
exhaust passage is maintained in a prescribed condi- 
tion since the gas is guided from the chamber into the 
passage through the slits. Thus, the gas can be 
exhausted from the process chamber in a stable condi- 
tion. 

[0005] The baffle plate has the function of holding 
the reaction product made by the process, thus reduc- 
ing the amount in which the reduction product flows into 
the exhaust passage. The reaction product deposits on 
that surface of the baffle plate which is exposed to the 
process chamber (i.e., the surface of the plate facing the 
chamber). The amount of deposition is proportional to 
the time of process. If the product deposits on the rims 
of the slits though which the gas flows from the process 
chamber, the slits will become narrower. Consequently, 
the pressure in the process chamber will rise. This 



2 

impairs the uniformity of etching in the plane of the 
object (i.e., in-plane uniformity) or decrease the etching 
rate. To prevent such undesirable events, the mainte- 
nance of the baffle plate is effected at regular Intervals, 
5 by either washing the plate or replacing it with a new 
one. If the process generates deposit in large quantities, 
however, the maintenance must be carried out more fre- 
quently. In this case, the throughput of the process will 
decrease. 

10 

Disclosure of the Invention 

[0006] The object of the invention is to provide a 
novel, improved process apparatus in which the slits of 

15 the baffle plate are hardly narrowed with deposit on the 
chamber side, an atmosphere of a prescribed pressure 
can therefore be maintained in the process chamber for 
a long time (that is, the process time can be lengthened 
without changing the process conditions), and the main- 

20 te nance cycle of the baffle plate can be thereby 
extended to enhance the throughput of the process. 
[0007] To attain the object, a process apparatus 
according to the present invention includes an airtight 
process vessel, an exhaust system for exhausting gas 

25 from the process vessel, and a baffle plate for partition- 
ing the process vessel into a process chamber for 
processing an object and an exhaust passage commu- 
nicating with the exhaust system. The baffle plate has a 
plurality of slits through which the process chamber and 

30 the exhaust passage communicate with each other, and 
each of the slits has a tapered surface on an inner sur- 
face toward the process chamber, the tapered surface 
being formed to not less than 1/4 of a depth of the slit. 
[0008] In particular, when the tapered surface is not 

35 less than 1/2 of the depth of the slit, it is preferable that 
angle 8 between the tapered surface and a perpendicu- 
lar crossing an open end of the slit at right angles fall 
within a range from 5° to 30° (5°s6s 30° ). 
[0009] When each slit has an enlarged opening fac- 

40 ing the exhaust passage, extending from an opening rim 
of the slit, which faces the exhaust passage, toward the 
process chamber, and having an inside diameter which 
is larger than the minimum inside diameter of a process- 
chamber-side portion of the slit on which the tapered 

45 surface is formed, it is preferable that the tapered sur- 
face and the enlarged opening be each formed to 1/4 to 
1/2 of the depth of the slit and angle G between the 
tapered surface and a perpendicular crossing an open 
end of the slit at right angles fall within a range from 30° 

so to 60° (30° s e s 60° ). In this case, preferably, width W1 
of an opening of the slit, which faces the process cham- 
ber, and width W2 of an opening of the slit, which faces 
the exhaust passage, are set so as to satisfy a condition 
of 1 ss W2/W1 a 1 .4. 

55 
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Brief Description of Drawings 
[0010] 

FIG. 1 is a sectional view schematically showing an 
etching apparatus that is an embodiment of this 
invention; 

FIG. 2 is a magnified sectional view showing the 
edge of the lower electrode incorporated in the 
etching apparatus; 

FIG. 3 is a plan view of the baffle plate provided in 
the etching apparatus; 

FIG. 4A is a magnified plan view of that side of the 
baffle plate which is exposed to the process cham- 
ber; 

FIG. 4B is a magnified plan view of that side of the 
baffle plate which is exposed to the exhaust pas- 
sage; 

FIG. 4C is a sectional view, taken along line 4C-4C 
in FIG. 4A; 

FIG. 5 is a sectional view illustrating the condition in 
which deposit lies on the baffle plate of FIG. 3; 
FIG. 6 is a sectional view showing the condition in 
which deposit lies on a conventional baffle plate; 
FIG. 7 is a graph representing how the pressure 
changed with process time during the experiments 
conducted in a process chamber partitioned by the 
baffle plate of FIG. 3 and conducted in a process 
chamber partitioned by the conventional baffle 
plate; 

FIG. 8 is a graph illustrating how the etching rate 
changed with process time during the experiments 
conducted in a process chamber partitioned by the 
baffle plate of FIG. 3 and conducted in a process 
chamber partitioned by the conventional baffle 
plate; 

FIG:*9 is" a~graph"showing-how- the -uniformity of 

etching in the plane of an object changed with proc- 
ess time during the experiments conducted in a 
process chamber partitioned by the baffle plate of 
FIG. 3 and conducted in a process chamber parti- 
tioned by the conventional baffle plate; 
FIG. 1 0A is a magnified plan view depicting that 
surface of a modification of the baffle plate shown in 
FIG. 3, which is exposed to the process chamber; 
FIG. 1 0B is a magnified plan view showing that sur- 
face of the modification of the baffle plate shown in 
FIG. 3, which is exposed to the exhaust passage; 
and 

FIG. 10C is a sectional view taken along line IOC- 
IOC in FIG. 10; 

FIG. 1 1 is a plan view showing a baffle plate having 
slits of a modified shape. 

Best Mode for Carrying Out the Invention 

[0011] Embodiments of the present invention will, 
now be described, with reference to the accompanying 



drawings. 

[0012] FIG. 1 shows a magnetron-type plasma 
etching apparatus that is a process apparatus accord- 
ing to the present invention. As shown in FIG. 1, the 

5 etching apparatus 1 00 has a process vessel 1 02 made 
of aluminum and connected to the ground. An oxide alu- 
minum film has been formed on the process vessel 102 
by means of, for example, anodic oxidation. A lower 
electrode 104 is arranged in the process vessel 102. 

10 The lower electrode 1 04 serves as a susceptorthat has 
a mounting surface on which an object to be processed, 
e.g., a semiconductor wafer W (hereinafter referred to 
as "wafer"), may be mounted. As FIGS. 1 and 2 show, 
the lower electrode 104 is covered, except for the 

15 mounting surface, with an Insulating member 1 05 made 
of, for example, ceramics, and a conductive member 
1 07 made of, for example, aluminum. The lower elec- 
trode 104 can be moved up and down as lifting shafts 

1 06 are driven. 

20 [0013] Bellows 109 made of, for example, stainless 
steel are provided between the conductive member 107 
and the process vessel 102. The conductive member 

107 and process vessel 102 contact the bellows 109, 
with no aluminum film interposed between them and the 

25 bellows 1 09 (or with an aluminum film removed). There- 
fore, the conductive member 107 is connected to the 
ground by the bellows 109 and the process vessel 1 02. 
A bellows cover 111 is provided, surrounding the con- 
ductive member 107 and bellows 109. As shown In FIG. 

30 1, an electrostatic chuck 110 connected to a high-volt- 
age DC power supply 1 08 is provided on the mounting 
surface of the lower electrode 104. An Insulating focus 
ring 112 is arranged, surrounding the electrostatic 
chuck 110. A high-frequency power supply 1 18 for out- 

35 putting high-frequency power is connected to a match- 
ing device 116, which in turn is connected to the lower 

-electrode-104. — - - - — — 

[0014] An upper electrode 126 is provided on the 
inner surface of the process vessel 102, which opposes 

40 the mounting surface of the lower electrode 104. The 
upper electrode 126 has a number of gas outlet holes 
126a. The gas outlet holes 126a communicate with a 
gas-supplying source 150 that supplies process gas. 
The process gas supplied from the gas-supplying 

45 source 1 50 is therefore introduced into a process cham- 
ber 122 through the gas outlet holes 126a. An exhaust 
pipe 1 28 is connected, at one end, to a lower port of the 
process vessel 1 02 and, at the other end, to an evacua- 
tion mechanism 152. A magnet 130 is arranged outside 

so the process vessel 1 02, for confining plasma generated 
between the lower electrode 104 and the upper elec- 
trode 126. 

[0015] As shown in FIGS. 1 and 2, a baffle plate 
1 20 is arranged beside the lower electrode 1 04, parti- 
55 tioning the interior of the process vessel into the proc- 
ess chamber 122 for processing the wafer and the 
exhaust passage 124 communicating with the exhaust 
pipe 128. The baffle plate 120 is located between the 
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circumferential surface of the lower electrode 104 and 
the inner surface of the process vessel 102 and sur- 
rounds the lower electrode 104. More specifically, the 
baffle plate 120 is damped between the focus ring 112 
and the conductive member 107. As shown in FIG. 2, 
the plate 120 is secured to the top of the conductive 
member 1 07 by electrically conductive screws 121. 
[0016] Like the conventional baffle plate, the baffle 
plate 120 is made of electrically conductive material 
such as aluminum and has a surface oxidized by anodic 
oxidation. The baffle plate 120 and the conductive mem- 
ber 107 contact each other, with no aluminum oxide film 
interposed between them. In other words, the aluminum 
oxide film has been removed from that part of the plate 
120 which contacts the conductive member 107. The 
baffle plate 120 is therefore connected to the ground by 
the conductive member 107, bellows 109 and process 
vessel 102 and remains at almost the same potential 
(ground potential) as the inner wall of the process ves- 
sel 102. As a result, the baffle plate 120 and the inner 
wall of the vessel 102, which is located above the baffle 
plate 120, function as counter electrodes of the lower 
electrode 104. Plasma can, therefore, be confined in a 
space above the baffle plate 1 20, that is, within the proc- 
ess chamber 1 22. 

[0017] As FIG. 3 shows in detail, the baffle plate 
120 is shaped almost like a ring. The plate 120 has a 
thickness that falls within the range from 1 mm to 20 
mm. In the present embodiment, the plate 120 is 3 mm 
thick. The baffle plate 120 has a plurality of slits, e.g., 
360 slits 120a arranged on the entire circumferential 
surface of the plate 120 in order to cause the process 
chamber 122 and exhaust passage 124 to communi- 
cate with each other when the baffle plate 120 is 
mounted on the lower electrode 1 04. More precisely, the 
slits 120a extend in radial directions of the baffle plate 
120. The number of "slits 120a can be changed to any 
value, ranging from 180 to 540, in accordance with the 
process apparatus to which the baffle plate 120 is 
applied. 

[0018] The slits 120a (arranged in the radial direc- 
tions of the baffle plate 120) have a length that falls 
within the range from 35 mm to 45 mm. In the present 
embodiment, the length is set to 41 mm. The slits 120a 
have a width that falls within the range from 0.5 mm to 

2.5 mm. In the present embodiment, the width is set to 

1 .6 mm. The area of the opening of each slit 1 20a, 
which faces the process chamber 1 22, is 25% to 75% of 
that of the surface (top) of the baffle plate 120 which 
faces the chamber 122. In the present embodiment, it is 
set to 54%. 

[0019] As FIG. 1 illustrates, when the baffle plate 
120 is arranged between the side of the lower electrode 
104 and the inner surface of the process vessel 102, 
only the minimum gap, which does not prevent the lower 
electrode 104 from moving up and down, is formed 
between the outer surface of the baffle plate 120 and 
the inner surface of the process vessel 102. The gas in 



the process chamber 1 22 is therefore exhausted from 
the exhaust passage 124 into an exhaust pipe 128 only 
through the slits 1 20a of the baffle plate 120. 
[0020] As shown in FIGS. 3 and 4A to 4C, each of 

5 the slits 120a has a tapered surface 132 toward the 
process chamber 122. The tapered surface 132 extends 
in the radial direction of the baffle plate 120 on either 
side of the slit 120a and inclines from the rim of the slit 
120a, which faces the process chamber 122, toward the 

10 exhaust passage 124 in which direction the opening of 
the slit 120a is narrowed. As FIG. 4C shows, the dis- 
tance (hereinafter referred to as "taper depth") h 
between an open end 132a of the slit 120a, which 
opposes the process chamber 122, and a region 132b 

is surrounded by the lower rim 1 32c of the tapered surface 
132, is substantially not less than half the distance 
(hereinafter referred to as "slit depth") H between the 
open end 132a and the other open end 134 of the slit 
120a, which opposes the exhaust passage 124. In the 

20 present embodiment, the taper depth h is set to three 
fourths of the slit depth H. The angle (hereinafter 
referred to as "taper angle") 6 between the tapered sur- 
face 132 and a perpendicular 136 (a line crossing the 
open ends 132a and 134 at right angles) falls within the 

25 range from 5° to 30° (5° s 6 s 30° ). In the present 
embodiment, the angle e is set to 10° . 
[0021] FIG. 6 shows an example of deposit a 
deposited on a conventional baffle plate X. As shown, in 
the baffle plate X, each slit S has a tapered surface T 

30 toward the process chamber, and the tapered surface T 
is formed by chamfering in order to prevent the rim of 
the sift S from being damaged due to a plasma atmos- 
phere. In this case, the taper depth h of the taper sur- 
face T is about one sixth of the slit depth H, while the 

35 taper angle 6 of the tapered surface T is 45° . Therefore, 
the deposit a greatly juts into the slit S and the inside 
diameter R1 of the silt S is shortened in a short time 
(FIG. 6 shows the condition in which the inside diameter 
R1 of the slit S is decreased to R2 by the deposit a). The 

40 flow rate of gas passing through the slit S lowers in a rel- 
atively short time, and the pressure in the process 
chamber rises in a relatively short time. In other words, 
the uniformity of etching in the plane of a wafer W (in- 
plane uniformity) deteriorates in a relatively short time 

45 and the etching rate decreases in a short time, too. Con- 
sequently, the maintenance of the baffle plate X must be 
carried out more frequently, and the throughput of the 
process will decrease. 

[0022] FIG. 5 shows an example of a deposit a 
so deposited on the baffle plate 1 20 of the present embod- 
iment. If, as shown, the taper depth h is not less than 
half the slit depth H and the taper angle 6 ranges from 
5° to 30° (5° s 6 s 30° ), the deposit a is deposited grad- 
ually from the top of the tapered surface 132. The open- 
55 ing of the slit 120a, which faces the process chamber 
122, is hardly narrowed by the deposit a, and it takes a 
considerably long time to make the inside diameter of 
the slit 120a smaller than the prescribed value R1. In 
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other words, the gas in the process chamber 122 is 
allowed to pass through the slit 120a without resistance 
for a long time, and a given pressure is maintained in 
the process chamber 122 for a long time (the process 
time can be lengthened more than the conventional one 5 
without changing any process conditions). Conse- 
quently, the uniformity of etching in the plane of the 
wafer W (in-plane uniformity) is maintained for a long 
time, as is the high etching rate. The maintenance cyde 
of the baffle plate 120 can be extended to enhance the 10 
throughput of the process (by securing a long time for 
which the baffle plate 120 can be processed continu- 
ously without maintenance or exchange). The following 
are experimental data to support the advantages of the 
baffle plate 120 of the present invention. 75 

EXPERIMENTAL DATA 

[0023] The experiment was performed under the 
same process (etching) conditions when two baffle 20 
plates to be compared were attached separately to the 
same plasma etching apparatus 100 (see FIG. 1). 

[Objects to be Compared] 

25 

[0024] 

Baffle plate 120 of the present invention (see FIGS. 
3 and 4) 

30 

Taper depth h 3/4 of slit depth H 
Taper angle 9 1 0° 

* Conventional baffle plate X (see FIG. 6) 

35 

Taper depth h 1/6 of slit depth H 

Taper angle e — 45°- - 

[0025] Note: The conventional baffle plate X is the 
same as the baffle plate 120 except for taper depth h 40 
and taper angle 6. 

[Process Conditions] 

[0026] 45 

Object to be processed: 200 mm-diameter semi- 
conductor wafer W made of silicon (Si), on the sur- 
face of which a silicon oxide film (Si0 2 film) to be 
etched is formed. * Etching gas: a mixture of C 4 F 8 so 
having a flow rate of 1 6 seem, CO having a flow rate 
of 300 seem, and Ar having a flow rate of 400 seem. 
Temperature of mounting surface of lower electrode 
104:20°C 

Temperature of inner surface of process vessel 1 02 55 
including upper electrode 126: 60°C 
High-frequency power applied to lower electrode 
104: 13.56 MHz, 1700W 



Experimental Data 1 

[0027] FIG. 7 shows variations in pressure in proc- 
ess chamber 1 22 with process time. 

(Analysis) 

[0028] In the process of etching a silicon oxide film 
using C 4 F 8 , CO and Ar, both the etching rate and in- 
plane uniformity decrease when the pressure atmos- 
phere in the process chamber 122 is 65 mTorr or higher 
in substance. The time required until the pressure 
atmosphere reaches 65 mTorr therefore corresponds to 
continuous process time. 

[0029] As shown, when the baffle plate 120 of the 
present invention (present embodiment) was used, the 
pressure atmosphere in the process chamber 122 
arrived at 65 mTorr in about 85 hours. In contrast, when 
the conventional baffle plate X was employed, the pres- 
sure atmosphere arrived at 65 mTorr in about 40 hours. 
[0030] Though not shown, even when only the taper 
depth h was 1/2 and 1/1 of the slit depth H with the taper 
angle 6 of the tapered surface 132 at 10° , the process 
time required until the pressure atmosphere in the proc- 
ess chamber 122 reached 65 mTorr, was 70 hours or 
more in either case. Furthermore, even when only the 
taper angle 6 was set at 5° , 1 0° , 15° , 20° , 25° and 30° 
with the taper depth h of the tapered surface 132 3/4 of 
the slit depth H, the process time required until the pres- 
sure atmosphere in the process chamber 122 reached 
65 mTorr, was 60 hours or more in either case. 

(Conclusion) 

[0031] If, as the above results, the taper depth h of 
the tapered surface 132 is set properly within the range 
oH/2 to 1/1 of the slit depth H or the taper angle 6 is set 
properly within the range of 5° to 30° , the continuous 
process time can be extended more greatly than using 
the conventional baffle plate X. If, in particular, the baffle 
plate 120 is used, the continuous process time can be 
extended two or more times as long as that in the case 
of the conventional baffle plate. 

Experimental Data 2 

[0032] FIG. 8 shows variations in etching rate with 
process time. 

(Analysis) 

[0033] When the baffle plate 120 of the present 
invention (present embodiment) was used as shown, 
the etching process could be performed at a high etch- 
ing rate of about 270 nm per minute if the process time 
did not exceed about 1 00 hours. In contrast, when the 
conventional baffle plate X was used, the etching proc- 
ess could be performed at the same etching rate as that 
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of the present invention if the process time did not 
exceed about 40 hours; however, the etching rate low- 
ered abruptly immediately after the process time 
exceeded 40 hours. 

(Conclusion) 

[0034] If the baffle plate 120 is used, a desired uni- 
form etching rate can be achieved even after a lapse of 
process time which is two or more times as long as that 
in the case of the conventional baffle plate X. 

Experimental Data, 3 

[0035] FIG. 9 shows variations in In-plane uniform- 
ity with process time. Values of the in-plane uniformity 
were obtained from the following equation using the 
maximum and minimum values A and B of etching rates 
measured at a plurality of measurement points on the 
surface of the wafer W to be processed (including the 
center of the surface). 

(in-plane uniformity) = ± {(A-B)/(A+B)} x 100 [%] 

As is evident from the above equation, the in-plane uni- 
formity indicates variations in etching rate on the entire 
surface of the wafer W to be processed (percentage of 
the maximum values or the minimum values deviating 
from the average value). The smaller the value of the in- 
plane uniformity, the higher the uniformity. 

(Analysis) 

[0036] When the baffle plate 120 of the present 
invention (present embodiment) was used as shown, 
the in-plane uniformity of +5% could be obtained if the 
process time did not exceed about 80 hours. In contrast, 
when the conventional baffle plate X was used, the 
same in-plane uniformity as that of the present invention 
could be obtained if the process time did not exceed 
about 20 hours; however, the value of the in-plane uni- 
formity increased when the process time exceeded 20 
hours and it increased abruptly immediately after the 
process time exceeded 40 hours. 

(Conclusion) 

[0037] If the baffle plate 120 is used, prescribed in- 
plane-uniformity can be achieved even after a lapse of 
process time which is four or more times as long as that 
in the case of the conventional baffle plate X. 
[0038] As has been described above, in the baffle 
plate 120 of the etching apparatus 100 according to the 
present embodiment, the taper depth h of the tapered 
surface 132 is set not less than half the slit depth H and 
the taper angle 6 fails within the range from 5° to 30° (5° 
s9s30 o ). Since the depth of the taper surface 132 is 
considerably greater (1/2 or more of the slit depth H in 



10 

substance), the area of the tapered surface can be 
enlarged more greatly than that of the conventional baf- 
fle plate X, keeping the conductance of the process 
chamber 122 and exhaust passage 124 in prescribed 
conditions. Since, moreover, the taper angle 6 falls 
within the range from 5° to 30° (5° £ 0 30° ), a deposit is 
formed effectively on the tapered surface 132. 
[0039] Therefore, a deposit such as a reaction 
product is formed on the baffle plate 120 in sequence 
from the top of the tapered surface 132, and the open- 
ings of the slits 120a, which face the process chamber 
122, are hardly narrowed by the deposit. For this rea- 
son, gas in the process chamber 122 can be caused to 
pass through the slits 120a for a long time without 
resistance and a given process pressure is maintained 
in the process chamber 122 for a long time (it is possible 
to extend time required until a pressure atmosphere of 
the process chamber 122 increases due to clogging of 
the slits 120a). in other words, the process time can be 
extended longer than that in the prior art without chang- 
ing process conditions. Consequently, as is evident 
from the above experimental data, the in-plane uniform- 
ity and etching rate of the wafer W can be maintained 
high for a long time, and the maintenance cycle of the 
baffle plate 120 can be extended more greatly than that 
in the prior art to improve the throughput of the process. 
[0040] In the present embodiment, the inside diam- 
eter of each slit 120a is not increased but the slit 120a 
has a large tapered surface 132 with a given depth and 
angle which opposes the process chamber 122. Thus, 
the process time can be extended without exercising an 
influence on the conductance in the process chamber 
122 and exhaust passage 124. 

[0041] FIGS. 1 0A to 1 0C illustrate a modification to 
the baffle plate of the embodiment described above. 
[0042] In a baffle ptate 200 of the modification 
shown in FIGS.-10A to 10C, a plurality of slits 200a are 
arranged on the entire circumferential surface of the 
plate 200 in order to cause the process chamber 122 
and exhaust passage 124 to communicate with each 
other when the baffle plate 200 is mounted on the lower 
electrode 104. More specifically, the slits 200a extend in 
radial directions of the baffle plate 200. As shown in 
FIGS. 10A and 10C, each of the slits 200a has a 
tapered surface 202 toward the process chamber 122. 
As illustrated in FIGS. 10B and 10C, an enlarged open- 
ing 204 is provided toward the exhaust passage 124 of 
the slits 200a. 

[0043] As FIGS. 1 0A and 1 0C illustrate, the tapered 
surface 202 extends in the radial direction of the baffle 
plate 200 on either side of the slit 200a and inclines from 
the rim of the slit 200a, which faces the process cham- 
ber 122, toward the exhaust passage 124 in which 
direction the opening of the slit 200a is narrowed. The 
distance between an open end 202a of the slit 200a, 
which opposes the process chamber 122, and a region 
202b surrounded by the lower rim 202c of the tapered 
surface 202, i.e., the taper depth hi is substantially 1/4 
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to 1/2 of the distance between the open end 202a and 
the other open end 204a of the slit 200a (enlarged 
opening 204), which opposes the exhaust passage 1 24, 
i.e., the slit depth H. In the present modification, the 
taper depth hi is set to one third of the slit depth H. The 
angle between the tapered surface 202 and a perpen- 
dicular 206, i.e., the taper angle e falls within the range 
from 30° to 60° (30° s e s 60° ) in substance. In the 
present modification, the angle e is set to 45° . 
[0044] As FIGS. 10B and IOC illustrate, the 
enlarged opening 204 is shaped almost like a trench 
and formed along the radial direction of the baffle plate 
200 alongside the exhaust passage 1 24 of the slit 200a. 
The distance h2 between the open end 204a of the 
opening 204, which opposes the exhaust passage 124, 
and a region 204b surrounded by a bottom rim 204c of 
the opening 204 (hereinafter referred to as "enlarged 
opening depth") is 1/4 to 1/2 of the slit depth H in sub- 
stance. Particularly, in the present modification, the dis- 
tance h2 is set to 1/2 of the slit depth H. The area of the 
open end 204a of the enlarged opening 204 is set larger 
than that of the region 202b of the lower rim 202c of the 
tapered surface 202. Moreover, the width W1 of the slit 
200a, which faces the process chamber 122, and the 
width W2 of the slit 200a, which faces the exhaust pas- 
sage 124, are set so as to satisfy the condition of 1 s 
W2/W1 s 1 .4 in substance. Particularly, in the present 
modification, W2/W1 is set at 1 .2. 
[0045] That portion of the slit 200a with the tapered 
surface 202 which faces the process chamber 122 and 
that portion of the slit 200a with the enlarged opening 
204 which faces the exhaust passage 1 24 communicate 
with each other through a passage 208 having the same 
section and size as those of the region 202b surrounded 
by the lower rim 202c of the tapered surface 202. 
[0046] The baffle plate 200 having the above- 
described-structure was applied to the etching appara- 
tus 1 00 shown in FIG. 1 and the wafer W (which is iden- 
tical with that used in the above experiments) was 
processed by etching under the same process condi- 
tions as those of the above experiments. It was 60 hours 
or longer before the pressure atmosphere in the proc- 
ess chamber 122 reached 65 mTorr. Even when the 
same experiments were carried out by changing only 
the taper angle G of the tapered surface to 30° , 40° , 50° 
and 60° , it was 60 hours or longer before the pressure 
atmosphere in the process chamber 122 reached 65 
mTorr in each case. If, therefore, the taper angle e of the 
tapered surface 202 is properly set within the range 
from 30° to 60° in substance in the baffle plate 200 hav- 
ing the enlarged opening 204, the continuous process 
time can be extended more greatly than using the con- 
ventional baffle plate X. Further, even when the same 
experiments were performed by changing only the value 
of W2/W1 to 1 and 1 .4, it was 60 hours or longer before 
the pressure atmosphere in the process chamber 122 
reached 65 mTorr in either case. If, therefore, W2/W1 is 
properly set within the range from 1 to 1 .4 in substance 



in the baffle plate 200 having the enlarged opening 204, 
the continuous process time can be extended more 
greatly than using the conventional baffle plate X. 
[0047] As described above, in the baffle plate 200 

5 according to the present modification, the taper depth 
hi of the tapered surface 202 is 1/4 to 1/2 of the slit 
depth H and the taper angle 0 falls within the range from 
30° to 60° (30° £ 6 s 60° ). The depth of the tapered sur- 
face 202 is therefore considerably greater, the area of 

w the tapered surface can be enlarged more greatly than 
that of the conventional baffle plate X, keeping the con- 
ductance of the process chamber 122 and exhaust pas- 
sage 124 in prescribed conditions. Since, moreover, the 
taper angle 6 falls within the range from 30° to 60° (30° 

is s 9 s 60° ), a deposit is formed effectively on the 
tapered surface 202. 

[0048] Therefore, a deposit such as a reaction 
product is formed on the baffle plate 200 in sequence 
from the top of the tapered surface 202, and the open- 

20 ings of the slits 200a, which face the process chamber 
122, are hardly narrowed by the deposit. For this rea- 
son, gas in the process chamber 122 can be caused to 
pass through the slits 200a for a long time without 
resistance and a given process pressure is maintained 

25 in the process chamber 122 for a long time. In other 
words, the process time can be extended longer than 
that in the prior art without changing process conditions. 
Consequently, the in-plane uniformity and etching rate 
of the wafer W can be maintained high for a long time, 

30 and the maintenance cycle of the baffle plate 200 can 
be extended more greatly than that in the prior art to 
improve the throughput of the process. 
[0049] In particular, the baffle plate 200 of the 
present modification has the enlarged opening 204 hav- 

35 ing a large opening area toward the exhaust passage 
124 of the slit 200a and the depth h2 of the enlarged 
opening is-set-to-1/4-to 1/2 of the -slit-depth H in sub- 
stance. Consequently, a small-diameter portion in the 
slit 200a on which a deposit is easily formed, can be 

40 decreased, and time can be extended further until the 
process chamber 122 increases in pressure. Since, in 
the present modification, the area of the open end 204a 
of the enlarged opening 204 is set larger than that of the 
region 202b surrounded by the lower rim 202c of the 

45 tapered surface 202, gas can be uniformly guided to the 
exhaust passage 124 through the slits 200 without any 
disturbance. 

[0050] According to the present modification, the 
width W1 of the slit 200a, which faces the process 

50 chamber 122, and the width W2 of the slit 200a, which 
faces the exhaust passage 124, are set so as to satisfy 
the condition of 1 ^ W2/W1 s 1.4 in substance. There- 
fore, time can be extended further until the opening of 
the slit 200a is narrowed by the deposit, without exercis- 

55 ing an influence on the conductance in the process 
chamber 122 and exhaust passage 124. 
[0051] In the present modification, that portion of 
the slit 200a with the tapered surface 202 which faces 
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the process chamber 122 and that portion of the slit 
200a with the enlarged opening 204 which faces the 
exhaust passage 124 communicate with each other 
through the passage 208 having the same section and 
size as those of the region 202b surrounded by the 
lower rim 202c of the tapered surface 202. The conduct- 
ance in the process chamber 122 and exhaust passage 
124 can thus be maintained in a desired condition even 
though the slit 200a is provided with the tapered surface 
202 and enlarged opening 204. 

[0052] The present invention is not limited to the 
foregoing embodiment and modification. It is needless 
to say that various changes and modifications can be 
made without departing from the scope of the subject 
matter of the present invention. In the above embodi- 
ment, the width of the slit 120a is constant on both the 
inner and outer sides of the baffle plate 120; however, it 
can be varied as shown in FIG. 11. In the example of 
FIG. 1 1 , width W4 on the outer side is set greater than 
width W3 on the inner side. In the above embodiment 
and modification, comer portions are formed at the 
upper rim (opening rim) of the tapered surface 132 
(202), the lower rim 132c (202c) of the tapered surface 
132 (202), the bottom of the enlarged opening 204, and 
the open end 204a of the opening 204; however, these 
corner portions can be chamfered. In the embodiment 
described above, the wafer is processed by etching by 
C 4 F B , CO and Ar. The present invention can be applied 
to another process apparatus such as a plasma CVD 
apparatus and a process of another object such as an 
LCD glass substrate. 

Claims 

1. A process apparatus including an airtight process 
vessel, an exhaust system for exhausting gas from 
the process vessel, ancTa baffle plate for partition- 
ing the process vessel into a process chamber for 
processing an object and an exhaust passage com- 
municating with the exhaust system, 

wherein the baffle plate has a plurality of slits 
through which the process chamber and the 
exhaust passage communicate with each other, 
and 

each slit has a tapered surface on an inner sur- 
face toward the process chamber, the tapered 
surface being formed to not less than 1/4 of a 
depth of the slit. 

2. The process apparatus according to claim 1, 
wherein the tapered surface is formed to not less 
than 1/2 of the depth of the slit. 

3. The process apparatus according to claim 2, 
wherein the baffle plate is shaped like a ring, and 
the plurality of slits are arranged radially on an 
entire circumferential surface of the baffle plate. 



4. The process apparatus according to claim 2, 
wherein each slit extends in a radial direction of the 
baffle plate, and the tapered surface extends in the 
radial direction of the baffle plate on either side of 
5 the slit and inclines from an opening rim of the slit, 

which faces the process chamber, toward the 
exhaust passage in which direction the opening of 
the slit is narrowed. 

w 5. The process apparatus according to claim 2, 
wherein an angle 6 between the tapered surface 
and a perpendicular crossing an open end of the slit 
at right angles falls within a range from 5° to 30° (5° 

s e s 30° ). 

15 

6. The process apparatus according to claim 1, 
wherein each slit has an enlarged opening facing 
the exhaust passage, the enlarged opening extend- 
ing from an opening rim of the slit, which faces the 

20 exhaust passage, toward the process chamber and 
having an Inside diameter which is larger than a 
minimum inside diameter of a process-chamber- 
side portion of the slit on which the tapered surface 
is formed. 

25 

7. The process apparatus according to claim 6, 
wherein the tapered surface and the enlarged 
opening are each formed to 1/4 to 1/2 of the depth 
of the slit. 

30 

8. The process apparatus according to claim 6, 
wherein the baffle plate Is shaped like a ring, and 
the plurality of slits are arranged radially on an 
entire circumferential surface of the baffle plate. 

35 

9. The process apparatus according to claim 6, 
wherein each slit extends in a radial direction of the 

baffle plate, and the tapered surface extends in the 
radial direction of the baffle plate on either side of 
40 the slit and inclines from an opening rim of the slit, 
which faces the process chamber, toward the 
exhaust passage in which direction the opening of 
the slit narrowed. 

45 10. The process apparatus according to claim 9, 
wherein the enlarged opening and the process- 
chamber-side portion of the slit where the tapered 
surface Is formed, communicate with each other 
through a passage having a same section and size 

so as those of a region surrounded by an inner rim of 
the tapered surface. 

11. The process apparatus according to claim 6, 
wherein an angle 0 between the tapered surface 
55 and a perpendicular crossing an open end of the slit 
at right angles falls within a range from 30° to 60° 
(30° ses60° ). 
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12. The process apparatus according to claim 6, 
wherein a width W1 of an opening of the slit, which 
faces the process chamber, and a width W2 of an 
opening of the slit, which faces the exhaust pas- 
sage, are set so as to satisfy a condition of 1 s 5 
W2/W1 s 1.4. 
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